Primary lung tumors in nonhuman primates are reviewed, and multifocal carcinoid tumors in the periphery of the lungs of a 6-year-old female Rhesus monkey (Mucacu muluttu) are discussed. The tumors consisted almost entirely of neoplastic cells that were pleomorphic, had round to oval nuclei, 0 to two nucleoli, clear or slightly amphophilic cytoplasm, and indistinct cell boundaries. The cells generally formed solid sheets, supported by an elaborate network of reticulin. Electron microscopic examination showed distinct but irregular cell membranes and a paucity of electron-dense material in the cytoplasm of many cells.
occurred in a female squirrel monkey (Saimiri sciurea) that had been on exhibit at the Philadelphia Zoological Garden for 47 months [16] . It was originally diagnosed as adenocarcinoma of the lung (necropsy No. 13,537) but was reclassified by STEWART [26] as nonneoplastic pulmonary adenomatosis. He noted that the lesion was localized and composed chiefly of mucus-containing ciliated columnar cells. It occurred in the alveolar ducts and alveoli and was not accompanied by inflammation.
A second lung tumor was observed by MARUFFO [17] in the postmortem examinations of 292 free-ranging howler monkeys (Alouaffa caruyu). His complete description was as follows :
A type of lung neoplasia found in one adult male howler monkey has not been previously reported in nonhuman primates. The tumor was believed to be an alveolar carcinoma; it was situated in a peripheral location and was classified as a nodular form. The alveolar walls were lined by a single regular layer of cuboid epithelial cells, and mucin-secreting activity was detected. No metastasis was found.
We were unable to obtain material from this case for examination, but the comments of SPENCER [25] seem relevant. He divided pulmonary adenomatosis (alveolar carcinoma) into benign and malignant forms. The benign form was composed of uniform cells that usually resembled normal bronchiolar epithelium, often secreted mucin, and did not metastasize. The malignant form was composed of less uniform, anaplastic, hyperchromatic cells that usually formed papillary projections into alveolar spaces and often metastasized. Based on these criteria, we believe the alveolar carcinoma in this howler monkey [14] might also be classified as benign pulmonary adenomatosis.
The third tumor was recently described by ALLEN et al. [2] in an 18-yearold female Rhesus monkey that had received 1,100r of X-irradiation between the ages of 2 and 6 years. It died from severe diarrhea and, at necropsy, had small carcinoids (bronchial adenomas) in the lung, as well as four unrelated neoplasms in other parts of the body.
The carcinoids were described grossly as small, white firm foci about 1 mm in diameter scattered throughout the pulmonary parenchyma and on the pleural surface. Microscopically, the well-localized lesions were composed of columnar-type cells that were uniform and did not have abundant mitotic figures. The cells were supported by a thin underlying stroma and occasionally formed irregular papillary projections into what appeared to be lumina. Special staining characteristics of the tumor cells were not described.
Squamous (epidermoid) carcinoma of the lung was experimentally produced in two of six galagos (Galago crassicaudatuspanengiensis) by weekly in-tratracheal instillation of 3-1 5 mg of benzo [alpyrene combined with an equal weight of powdered ferric oxide. The treatment continued for 67-69 weeks, at which time three galagos died. They had extensive squamous metaplasia of bronchial epithelium and transition of alveolar epithelium to ciliated columnar and, occasionally, squamous epithelium. The squamous carcinoma observed in two of the animals seemed to arise from both bronchial and alveolar areas of squamous metaplasia [5] .
Case Report
Clinical History A female Rhesus monkey, weighing 6.6 kg, was procured from India. At the time of arrival at the Regional Primate Research Center, University of Washington, she was estimated to be at least 6 years old. She was thin and coughed occasionally. An intrapalpebral tuberculin test was negative. She was killed with sodium pentobarbital about 1 week after her arrival, after being used for an acute toxicity experiment.
Gross Examination
The cadaver was thin and slightly dehydrated. In the lungs there were about 40 spherical grey nodules 1-5 mm in diameter scattered throughout the parenchyma of all lobes. Most were immediately subjacent to the pleura ( fig. 1) . They were firm, discrete, and uniformly grey-white on section. They were not associated with bronchi. There was no evidence of congestion, edema, or inflammation of tissue around the nodules. There were numerous pinpoint grey foci in the pleura and pulmonary parenchyma that were attributed to pigment associated with infection with Pneumonyssus simicola [9] . The tracheobronchial and mediastinal lymph nodes were not enlarged.
The only other lesions of interest were in the uterus and colon. In the former, there was a red tumor 6 mm wide and 5 mm deep immediately beneath the tunica serosa at the uterocervical junction. In the colon opposite the mesenteric attachment there were 10 diverticuli 6-1 1 mm in diameter that projected through the tunica muscularis but were still covered by the tunica serosa.
Microscopic Examination
The pulmonary nodules consisted almost entirely of neoplastic cells. The nodules were discrete and were circumscribed by normal alveolar tissue that was sometimes compressed by the expanding neoplastic cells ( fig. 2 ). These cells were pleomorphic, with round to oval nuclei, 0 to two nucleoli, clear or slightly amphophilic cytoplasm, and indistinct cell boundaries. The cells were not anaplastic, and no mitotic figures were observed. The tumors had relatively little blood supply. Three cellular patterns were present. In one pattern, the cells were cuboidal to columnar and organized into large acini suggestive of bronchioles ( fig. 3) . These often led into ducts or adjacent acini. No cilia or goblet cells were seen.
The acini and ducts were supported by fibroblasts, reticular fibers, and capillaries, with a few collagen fibers. The general organization resembled the terminal bronchioles and al- veoli. In the second pattern there were oval to elongate clusters of 2-10 cells each ( fig. 4 ).
These were circumscribed or supported by a thin network of fibroblasts, reticular fibers, and collagen. The most characteristic pattern, however, was merging of these clusters and acini to form solid sheets of neoplastic cells, supported by an elaborate network of reticulin ( fig. 5) . Spaces lined by flattened elongate cells were also present. They were interpreted as vascular spaces since some contained erythrocytes and leukocytes, but most were devoid of blood cells (fig. 6) .
The neoplastic cells contained small amounts of cytoplasmic glycogen, demonstrated by loss of periodic acid-Schiff staining after diastase digestion [27] . Smaller amounts of fat were present as fine cytoplasmic granules in frozen sections stained with the oil red 0 stain. No argentaffin granules could be demonstrated with the alkaline diazo-coupling reaction or with Gomori's argentaffin reaction with methanamine silver [27] .
Present also in the lungs were large amounts of anisotropic, brown crystalline pigment attributed to infection with Pneumonyssus simicola [9] . Pigment was aggregated in the perivascular and peribronchial connective tissue. Most of the pigment was in the cytoplasm of macrophages, but some was extracellular. None of the pigment was in the neoplastic nodules.
The diverticuli in the colon were not neoplastic and had a mucosa of mucin-secreting columnar epithelium, continuous with the mucosa of the colon. A lamina propria and muscularis mucosa were present, but the tunica muscularis was replaced by collagenous fibers. The lumina contained desquamated epithelial cells, fecal material, neutrophils, mucin, and amorphous debris.
The small tumor in the uterus was a cavernous hemangioma.
Electron Microscopic Examination
Formalin-fixed neoplastic tissue from lung was trimmed into 1 mm3-pieces and held for 1 h in 2% osmium tetroxide buffered with S-collidine. Tissue was dehydrated in graded alcohols and embedded in an epoxy resin (EPON). Thin sections were stained with uranyl acetate and lead citrate and examined with an RCA-EMU3G microscope.
There was some loss of ultrastructural detail, probably owing to postmortem autolysis and fixation in formalin. Nuclei were pleomorphic; some were round to oval, whereas others were elongated and indented. Chromatin was aggregated around the nuclear membrane, and nucleoli had a distinct nucleonema.
Cytoplasmic organelles were either scarce or not well preserved, but occasional remnants of mitochondria, rough endoplasmic reticulum, and lysosomes were seen. Most of the cytoplasm consisted of clear spaces interrupted by occasional amorphous strands and clumps of unidentified osmiophilic material. There was a variation in the electron-transparency of cellular cytoplasm. Occasional 'clear' cells seemed to have almost no electrondense material in their cytoplasm ( fig. 7) .
Cell membranes were generally distinct but irregular. In cells arranged in an acinar pattern around lumina, the cell boundary bordering the lumen was usually serpentine but sometimes was straight. No cilia were seen. There was usually close apposition between cell boundaries of adjacent cells, but no junctional complexes were seen. There were occasionally cytoplasmic extensions suggestive of pseudopodia projecting into lumina or intracellular spaces. No virus-like particles nor neurosecretory granules characteristic of some pulmonary carcinoids [4] were seen.
Pathological Diagnosis
Based on its location and histologic characteristics, the pulmonary neoplasm was diagnosed as a carcinoid (bronchial adenoma), using the classification recommended by the World Health Organization [lo] for lung tumors in man.
Bronchioloalveolar carcinoma was considered in the differential diagnosis but was ruled out because the neoplastic cells, although they formed occasional acini, did not secrete mucin, have cilia, or form papillary projections into lumina. Usually the cells formed solid sheets or nests, a pattern not characteristic of bronchioloalveolar carcinoma.
Discussion
Carcinoid tumors of the lung are neoplasms of neurosecretory cells resembling Kultschitzky cells [3,4, 81. They occur predominantly in the main stem or lobar bronchi, hence the synonym 'bronchial adenoma' [14, 251 . Less often they occur in the periphery of the lung [7] . They arise from neurosecretory cells normally present in small numbers near the basement membranes of mucous glands of the larger bronchi [3] or in the mucosa of bronchioles [8] .
Histologically, the tumors usually show a mosaic or trabecular arrangement of polygonal cells with regular oval nuclei. They rarely have mitoses. They may have an acinar structure or be composed of spindle-shaped cells [6, 12, 14, 19, 251 . The acinar structure is particularly common in peripheral carcinoid tumors. In these locations, the tumor cells line air spaces without separation from the lumina by connective tissue and are thus distinguished from the cells of a chemodectoma [ 151.
The neoplastic cells occasionally contain neurosecretory granules that can often be demonstrated with argentaffin stains. Carcinoid tumors, however, are frequently negative to these stains [8, 251 . This finding or the slight postmortem autolysis in our case, or both, may explain why no such granules were demonstrable.
In our electron-microscopic examination we did not observe the neurosecretory granules described by BENSCH et al. [4] in the cytoplasm of carcinoid cells. This was probably caused by postmortem autolysis, since there was loss of almost all cytoplasmic organelles in our material. The variation in electron-transparency of cytoplasm in some cells ( fig. 7 ) and the irregular folds and 'pseudopods' of the cell membranes observed in our tumor were also present in the four carcinoids that BENSCH et al. [4] studied.
Carcinoid tumors of the lung occasionally secrete 5-hydroxytryptaminc and produce a syndrome characterized by diarrhea, flushing of the skin, and other symptoms [18, 251. There was no evidence that such existed in this case. In addition to our case and that described by ALLEN et al. [2] , a carcinoid tumor of the duodenum was described [13] in a 15-year-old male Cynomolgus monkey (Macacafascicularis).
At first glance, it seems puzzling that in thousands of necropsies on Old World primates only two primary pulmonary tumors have been described. It seems even more puzzling that both of these were carcinoid tumors, since such tumors account for only about 9.1 % of primary pulmonary tumors in man [Ill.
Two factors may shed some light on this phenomenon. Firstly, nonhuman primates are not exposed to cigarette smoke, which has great etiologic significance in human lung cancer, especially the epidermoid carcinoma and smallcell anaplastic carcinoma [ 1 1 ]. Secondly, since the life expectancy of Macaca sp., for example, is 20-25 years in the wild, and 30 years or more in captivity [29] , it is obvious that the majority of nonhuman primates examined after death have been relatively young animals, probably comparable with a human population less than 30 years old. KREYBERG [l I] observed that only 13 of 600 primary pulmonary tumors in his collection occurred in persons under 30 years of age. In this group, however, carcinoids were by far the most frequent, having occurred in 8 of these 13 cases.
Although the available data are too meager for firm observation, it thus appears that pulmonary tumors in nonhuman primates may resemble, in frequency and type, those seen in a nonsmoking human population of comparable age. Such primates may, therefore, be good experimental subjects for research in cancer of the lung.
The only reported pulmonary tumors in New World primates were alveolar cell carcinoma or benign pulmonary adenomatosis, or both [17, 261. In Old World primates only carcinoids have been reported. ADAMSON et al. [l] have shown that prosimians such as galagos more nearly resemble rodents than other primates in their response to carcinogens such as polycyclic hydrocarbons.
These facts, although meager, suggest that the prevalence of pulmonary tumors in different primates may be related to their degree of evolution, and that Old World primates and great apes, being most nearly like man, would be better subjects for experimental studies on pulmonary carcinogenesis than New World primates and prosimians.
